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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a network interface 
device and. more particularly, to a dynamically reconfig- 
urable optoelectronic network interface device. 

BACKGROUND OF THE INVENTION 

[0002] In communication networks, such as a Local 
Area Network (LAN), the capability of reconfiguring the 
ports of a network interface device is essential for 
accommodating the changing needs of end-users. Spe- 
cifically, this necessitates dynamic reconfigurability of 
the ports of a network interface device while the device 
is in operation within the communication network. 
[0003] Conventional network interface devices 
using optoelectronic circuits are known and used in a 
number of important communication system applica- 
tions, including Local Area Networks (LANs). A typical 
LAN interface device has multiple ports that are 
designed for use with different data rates corresponding 
to the data rates used in the communication network. 
For example, the interface device may have a large 
number of 100 Megabits/s ports and several 1 Gigabit/s 
ports. The interface device ports are configured accord- 
ing to the initial requirements, such as bandwidth 
needs, of end-users in the network. Although, reconfig- 
uration of the end-user interface ports in such a commu- 
nication network is possible, it none-the-less presents 
several significant limitations. 

[0004] When used in a communication network that 
is operational, reconfiguration of the Interface ports 
must be performed on the network side (e.g. in the com- 
munication network infrastructure) of the LAN interface 
device connection. This is usually accomplished by 
placing several manually reconfigurable optical patch 
panels with jumper fibers or an expensive optical switch 
in the wiring infrastructure. Subsequently, port and net- 
work modifications can be made by appropriate 
changes in the optical patch panels or optical switch. 
Since these methods of reconfiguration are generally 
costly and/or time consuming, they are prohibitive to the 
dynamic reconfiguration of network interface ports in 
response to the changing communication needs of end- 
users. Thus, opportunity exists to employ a more effec- 
tive and less costly means to achieve reconfigurability in 
communication networks. 

SUMMARY OF THE INVENTION 

[0005] In accordance with the pnnciples of the 
present invention, rapid port reconfigurability is 
achieved in a communication network by utilizing an 
optoelectronic interface device with an integrated elec- 
tronic switch between the ports and the remaining elec- 
tronic circuits. As a result of this design, the interface 



device's port connections to the network can be dynam- 
ically altered without disturbing physical connections to 
end-users. 

[0006] In accordance with one aspect of the inven- 
5 tion, dynamic port reconfiguration is enabled with a con- 
trollable electronic switch integrated into the 
optoelectronic interface device. Consequently, addi- 
tional and costly optical switching elements to provide 
port reconfigurability are not required in the communi- 
ty cation network. As a result of a unique configuration 
design and the use of a conventional controller to pro- 
vide a control signal for reconfiguring the electronic 
switch, the present invention's network interface device 
provides dynamic reconfiguration of ports while sup- 
15 porting different signal bandwidths or data-rates at each 
of the ports. Thus, the network interface device supplies 
a means for dynamically allocating bandwidth according 
to an end-users changing needs. 
[0007] In accordance with another aspect of the 
20 invention, the optoelectronic interface device with an 
electronic switch is integrated onto a single optoelec- 
tronic Very Large Scale Integration (VLSI) chip. There- 
fore, a reduction in the cost of manufacturing is 
expected through the miniaturization and integration of 
25 a nu mbe r of fo rme rly disc rete circ u its. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] The invention will be more fully understood 
30 from the following 'detailed description of illustrative 
embodiments taken in connection with the appended 
figures in which: 

FIG. 1 is a block diagram of an illustrative embodi- 
es ment of the optoelectronic network interface device 
in accordance with the principles of the present 
invention; 

FIGS. 2 and 3 show exemplary configurations of the 
electronic switch for the embodiment of FIG. 1. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Communication networks require a method 
to reconfigure interface ports to end-users as the net- 

45 work needs of the end-users change or evolve with 
technology. The present invention is an optoelectmnic 
network interface device having a controllable electronic 
switch that is well suited for such a reconfiguration appli- 
cation. The interface device is designed for use with 

50 multiple input fibers in a communication network in 
which each input fiber can support different data rates. 
Thus, the controllable electronic switch allows the inter- 
face device to provide a dynamic altocation of ports, 
while supporting different data rates at each of the 

55 ports. Although particularly well suited as a network 
interface for a LAN, the invention is not limited to use 
with any particular type of communication network. 
[0010] According to the principles of the present 
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invention, the integrated optoelectronic network inter- 
face device delivers the advantages of a multi-port con- 
ventional LAN interface with an electronic switch, while 
overcoming certain disadvantages of prior network 
interfaces. As used herein, the term "irrtegrated" shall 
mean that the components recited are either integrated 
in a single monol'ithic chip or combined as a plurality of 
chips that are coupled together on a single circuit board. 
In general, the interface device is an integrated struc- 
ture including at least one port, also known as an opto- 
electronic transceiver, to receive and send optical 
signals from and to input fibers. The ports also convert 
(1) optical signals to etectrical signals and (2) electrical 
signals to optical signals. The ports are coupled to a 
controllable electronic switch for routing electrical sig- 
nals. In turn, the electronic switch is coupled to a plural- 
ity of electronic circuits, for example, interface and logic 
circuits to receive and send electrical signals between 
the electronic switch and the corresponding end-users. 
[0011] Port reconfiguration is accomplished by 
using the electronic switch to route the electronic sig- 
nals to the appropriate electronic circuits and ultimately 
to the end-users. In other words, by controlling the elec- 
tronic switch, the connection path between each port 
and the electronic circuits are established. Thus, the 
ports of the Interface device are dynamically reconfig- 
ured with each cross-connect of the electronic switch. 
As a re suit, .end-user bandwidth requirements are met 
without the need for disturbing physical connections or 
adding expensive optical circuits in the network infra- 
structure. 

[001 2] FIG. 1. shows one exemplary embodiment of 
the interface device, specifically, optoelectronic inter- 
face lOOvincludes interface ports 106. Each interface 
port 106 includes a laser/detector pair 102 coupled to 
-Driver/receiver. .1 04. The combination of laser/detector 
102 and driver/receiver 104 is commonly known as an 
optoelectronic transceiver. The optoelectronic trans- 
ceivers process optical signals and, in particular, trans- 
mit and receive signals to and from multiple input fiber 
pairs 108. In addition, the optoelectronic transceivers 
convert (1) optical signals to electrical signals and (2) 
electrical signals to optical signals. The signal data 
rates can differ, for example, 10 Megabits/s, 1 00 Mega- 
bits/s, and 1 Gigabit/s. 

[0013] Although each input fiber-pair 1 06 is associ- 
ated with a particular port 1 06, both ports 1 06 and fiber- 
pairs 108 are designed for use with muftiple data rates, 
therefore, the ports and fiber-pairs are not dedicated to 
a specific data rate. 

[001 4] Electronic circuits 112. for example, interface 
and logic circuits, are also integrated into interface 
device 100. Electronic circuits 112 may include specific 
data-rate interface electronics as well as associated 
physical layer circuits, such as encoders/decoders, seri- 
al izers-deserializers and Media-Access Control (MAC) 
layer circuits. Accordingly, specific physical layer circuits 
may correspond to various bit rates, such as 



lOMegabits/s, lOOMegabtts/s. and 1 Gigabit/s. Moreo- 
ver, specific physical layer circuits may also be associ- 
ated with various protocols, such as Ethernet, Fiber- 
channel, FDD!, ATM, and the like. 

5 [0015] Coupled to drivers/receivers 104 and elec- 
tronic circuits 112 is an electronic switch 110. Conven- 
tional electronic switches are also known in the art as a 
digital crossbar interconnection or electronic cross-con- 
nect. Such switches may be implemented, for example, 

10 by electronic circuitry and may incorporate such func- 
tionality as in the commercially available Lucent Tech- 
nologies Digital Access Cross-Connect Switch (DACS) 
family of switches. However, unlike conventional elec- 
tronic switches, electronic switch 110 is integrated into 

15 interface device 1 00, thereby forming this new combina- 
tion. 

[0016] Electronic switch 1 10 is coupled to electronic 
circuits 112, such that each electronic signal received 
from drivers/receivers 104 can be routed to any of the 

20 electronic circuits 112. Similarly, each electronic signal 
transmitted from the electronic circuits 112 can be 
routed to any of the drivers/receivers 1 04 through switch 
1 1 0. A control signal is generated on lead 1 1 4, which is 
coupled to electronic switch 110 for the purpose of 

25 selecting the desired connection paths or routing posi- 
tions in electronic switch 110 between ports 106 and 
electronic circuits 1 12. The control signal may be gener- 
ated by any conventional control device or method 
including, but not limited to: 1) tocal control, such as a 

30 LAN administrator; 2) remote control, such as a network 
control center; or 3) automated through the use of 
dynamic network reconfiguration software. In this man- 
ner, a connection can be dynamically formed from any 
port 106 to any electronic circuK 1 12 by the electronic 

35 switch. 

[0017] With continuing reference to FIG. 1, input 
fiberpairs 1 08 may comprise individual fibers or may be 
bundled in a fiber-ribbon. The use of a fiber-ribbon will 
decrease the required footprint of the fibers, as well as 

40 offer cost reduction and ease of assembly. Although 
fiber-ribbons are not as easily moved or reconfigured as 
individual fibers and, therefore, are less desirable in tra- 
ditional LAN interface applications, the present inven- 
tion's electronic re configurability, via the switch, 

45 overcomes this limitation. 

[0018] Advantageously, a conventional feedback 
mechanism (not shown) can be incorporated into the 
optoelectronic interface 100 of FIG. 1 to optimize the 
optical transceivers according to various data rates 

50 received from fiber-pairs 108. Specifically, the optical 
transceiver optimization consists of adapting the band- 
width of the drivers/receivers 104 to correspond to the 
incoming optical signals from input fibers 108. In partic- 
ular, the first stage of the detector and receiver, typically 

55 known as pre-amplifiers, have a bandwidth range that 
covers all of the bit-rates of the optical signals received 
from fiber-pairs 108, for example, 0.0 Hz through 1.25 
GHz. Such receivers have been implemented In CMOS 
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circuits as described in an article entitled "Optica! 
Receivers for Optoelectronic VLSI," written by Wood- 
ward et a!., wliich was published in IEEE Journal of 
Selected Topics in Quantum Eiectronics. Vol. 2, No. 1 . 
April1996. 

[0019] In FIG 2. network interface device 100 is 
configured to provide port connections to end-users, in 
which port one is connected to end-user and port two is 
connected to end-user two and so on. This port config- 
uration may correspond to the initial needs of the end- 
users at the time the communication networi^ was 
installed. In such a configuration port one may have a 
data rate of 10 Megabit/s, port two may have a data rate 
of 1 00 Megabits/s, and port N may have a data rate of 1 
Gigabit/s. 

[0020] When the bandwidth or data rate needs of 
the end-users change, the ports can be reconfigured by 
simply sending a control signal to electronic switch 110 
to make the appropriate connections in interface device 
100, thus, providing each end-user with a port connec- 
tion corresponding to the new requirements. For exam- 
ple, end-user one can receive a greater bandwidth 
allocation by having electronic switch 110 form a cross- 
connect path from end-user one to port two, as shown in 
FIG 3. thus providing end-user one with a 1 00 Megab- 
its/s port. Similarly, the other ports in FIG 3 are reconfig- 
ured, via electronic switch 110, to provide other end- 
users with a suitable port coterminous with the end- 
users' needs. Thus, the interface device's ports are not 
only dynamically reconfigured but also reconfigured 
without physical rewiring or optical circuits as in the prior 
art. 

[0021] Significant improvements in reconfiguration 
time performance should be realized as a result of the 
integration of the optoelectronic interface and electronic 
switch into a single network interface device. Since the 
electronic switch is integrated into the network interface 
device, the network interface device provides the possi- 
bility of a reconfiguration time of ten nano-seconds or 
less due to cross-connecting (switching) electronic sig- 
nals instead of optical signals. This is a substantial 
improvement over the optical circuit switching method 
described above, which may require a reconfiguration 
time of ten milliseconds or more. 
[0022] In another embodiment of the invention, the 
optoelectronic interface can be integrated onto a single 
monolithic chip, to form an optoelectronic-VLSI (OE- 
VLSI) interface chip. Such an OE-VLSl interface chip 
includes all of the elements shown in FIG. 1 and 
described above. In addition, the interface chip includes 
a housing (not shown) that contains contact members to 
provide external access to the internal components of 
the interface chip for receiving control signals and the 
like. As a result of this chip integration, and in addition to 
the advantages described above, we expect the cost of 
manufacturing the optoelectronic interface will be 
reduced through the miniaturization and integration of a 
number of formerly discrete circuits. 



[0023] The OE-VLSI interface chip can be manufac- 
tured with the use of flip-chip bonding technology. Spe- 
cifically, flip-chip bonding can be used to integrate the 
optoelectronic and electronic interface devices, as well 

5 as the electronic switch, into a single high-density opto- 
electronic VLSI logic integrated circuit chip. 
[0024] By way of example, flip-chip bonding has 
been used to integrate high density CMOS electronics 
and high performance GaAs-based optoelectronics into 

10 OE-VLSl circuits, as further described in an article enti- 
tled "GaAs MOW modulators integrated with silicon 
CMOS," written by Goossen et al,. published in IEEE 
Photonics Technology Letters, Vol. 7, No. 4. pp. 360-62, 
April 1995; and an article entitled "Optica! Receiver 

15 Array In Silicon Bipolar Technology With Self-Aligned, 
Low Parasitic lllA/ Detectors For DC-1 Gbit/S Parallel 
Links," written by Wieland, et al., published in Electronic 
Letters, Vol. 27, p. 221, 1991. Again byway of example, 
flip-chip bonding has been used for a fully three-dimen- 

20 sional dense optoelectronic-VLSI integration, with accu- 
rate alignment between the optical devices and the 
VLSI circuits, as described in an article entitled "3-D 
integration of MQW modulators over active sub-micron 
CMOS circuits: 375Mb/s transimpedance receiver- 
's transmitter circuit," written by Krishnamoorthy et al., 
published in IEEE Photonics Technology Letters, Vol. 7. 
No. 1 1 , pp. 1 288-90, November 1995. Following the flip- . 
chip bonding process the GaAs substrate is removed in 
order to allow operation in the 850 nanometer wavB- 

30 length regime, where the substrate would normally be 
absorbing or opaque to transmission, thus, the flip-chip 
bonding process provides accurate alignment between 
the optical devices and the VLSI circuits. 
[0025] Although, the above references describe the 

35 attachment of optical modulators to CMOS circuits, 
those skilled in the art can utilize the techniques 
described therein to attach active optical sources, such 
as vertical cavity surface emitting lasers (VCSELs). 
micro-lasers, and the like, to CMOS circuits. Therefore, 

40 the flip-chip bonding technology that is available today, 
for example, a precision bonder made by Research 
Devices in Piscataway, N J, can be used to manufacture 
the OE-VLSl interface chip. 

[0026] In contrast with the prior art, the present 
45 invention shows that it is possible to provide a network 
interface device with a means for dynamically reconfig- 
uring its port circuits. The present invention, by virtue of 
the integrated electronic switch; achieves port reconfig- 
urability without physical rewiring or reconnections in 
50 the network infrastructure, as well as a rapid allocation 
of bandwidth according to an end-users changing 
needs. Moreover, since end-user network interface 
cards (NlCs) capable of multiple bit-rates are now avail- 
able the capability for LAN interfaces to dynamically 
55 provide corresponding bit-rates to end-users on 
demand will be increasingly required in modem commu- 
nication networks. 
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Claims 

1. A network interface device comprising: 

a plurality of optica! ports for communicating 5 
with a network; 

a piunaiity of electronic circuits: and 
an electronic switch between said plurality of 
ports and said plurality of electronic circuits for 
reconfiguring a connection between a selected to 
one of said plurality of optical ports and a 
selected one of said electronic circuits, wherein 
said network interface device is an integrated 
structure. 

75 

2. The interface device of claim 1 wherein said device 
further includes means for receiving a control signal 
to control said electronic switch, 

3. The interface device of claim 2 wherein each of said 20 
plurality of ports further includes a means for con- 
verting a first optical signal received from said net- 
work to a first electrical signal. 

4. The interface device of claim 3 wherein each of said 25 
plurality of ports further includes a means for con- 
verting a second electrical signal received from said 
sw4tch.to a second optical signal. 

5. The -jntarface device of claim 1 wherein said elec- 30 
tronic circuits are encoder/decoder circuits. 

6. The interface device of claim 5 wherein said elec- 
tronic circuits further include Media-Access-Control 
circuits. .. ^ 

7. The interface device of claim 1 wherein said device 
is an optoelectronic chip. 

8. The Interface device of claim 1 wherein said plural- 40 
ity of ports support at least at two different optical 

data-rates. 

9. The interface device of claim 8 wherein each of said 
plurality of ports includes a vertical cavity surface- 45 
emitting laser. 



12. A network interface device for dynamic bandwidth 
allocation to an end-user connected to a network 
through said network interface device comprising: 

a plurality of optoelectronic transceivers for 
communicating with said network and for con- 
verting optical signals received from said net- 
work to electrical signals, wherein one of said 
plurality of optoelectronic transceivers supports 
a first optical data-rate and an other one of said 
plurality of optoelectronic transceivers supports 
a second optical data-rate; 
a plurality of electronic circuits for providing an 
end-user connection to said interface device; 
and 

an electronic switch between said plurality of 
optoelectronic transceivers and said plurality of 
electronic circuits for dynamically reconfiguring 
a connection between a selected one of said 
electronic circuits and a selected one of said 
plurality of optoelectronic transceivers, wherein 
said network interface device is an intiag rated 
structure. 

13. The optoelectronic interface device of claim 12 
wherein said apparatus further includes means for 
receiving a control. signal to control said electronic 
switch. 

14. The device of claim 1 3 wherein each of said plural- 
ity of optoelectronic transceivers include a means 
for receiving an electrical signal from said switch 
and for converting said electrical signal to an optical 
signal and transmitting said optical signal to said 
network. 

IS- A method of reconfiguring ports of a network inter- 
face device comprising the steps of: 

at said network interface device, responding to 
a control signal to an electronic switch provid- 
ing a connection between a plurality of ports 
and a plurality of electronic circuits for dynami- 
cally reconfiguring said connection between a 
selected one of said plurality of optical ports 
and a selected one of said electronic circuits. 



10. The interface device of claim 3 further includes a 
means to optimize each of said pluraiiV °f ports 
corresponding to a bandwidth of said optical signal so 
received from said network. 



16. The method of claim 16 wherein said ports are 
optoelectronic transceivers for communicating with 
a network and for converting optical signals 
received from said network to electrical signals. 



11. The apparatus of claim 1 wherein said electronic 
circuits are capable of receiving electrical signals 
that are selected from the group consisting of 55 
Ethernet. Fiber-channel. FDDI and ATM transmis- 
sion protocols. 
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